This study sought to elucidate the mechanisms underlying the anti-inflammatory effect of mango (Mangifera Indica L.) polyphenolics containing gallic acid and gallotanins, and the role of the miR-126/PI3K/AKT/mTOR signaling axis in vitro and in vivo. Polyphenolics extracted from mango (var. Keitt) were investigated in lipopolysaccharide (LPS)-treated CCD18Co cells. Rats received either a beverage with mango polyphenolics or a control beverage, and were exposed to three cycles of 3% dextran sodium sulfate (DSS) followed by a 2-wk recovery period. The mango extract (10 mg GAE/L) suppressed the protein expression of NF-kB, p-NF-kB, PI3K (p85b), HIF-1a, p70S6K1, and RPS6 in LPS-treated CCD-18Co cells. LPS reduced miR-126 expression, whereas, the mango extract induced miR-126 expression in a dose-dependent manner. The relationship between miR-126 and its target, PI3K (p85b), was confirmed by treating cells with miR-126 antagomiR where mango polyphenols reversed the effects of the antagomiR. In vivo, mango beverage protected against DSS-induced colonic inflammation (47%, P ¼ 0.05) and decreased the Ki-67 labeling index in the central and basal regions compared to the control. Mango beverage significantly attenuated the expression of pro-inflammatory cytokines such as TNF-a, IL-1b, and iNOS at the mRNA and protein level. Moreover, the expression of PI3K, AKT, and mTOR was reduced, whereas, miR-126 was upregulated by the mango treatment. These results suggest that mango polyphenols attenuated inflammatory response by modulating the PI3K/AKT/mTOR pathway at least in part through upregulation of miRNA-126 expression both in vitro and in vivo; thus, mango polyphenolics might be relevant as preventive agents in ulcerative colitis.
INTRODUCTION
Ulcerative colitis (UC) is a form of inflammatory bowel disease (IBD). The development of UC is affected by several factors, including genetic susceptibility, composition of the intestinal microbiota, immune dysregulation, and environmental factors including nutrition [1] . Imbalance of the immune system may cause the overproduction of reactive oxidative stress (ROS) and pro-inflammatory cytokines, such as IL-1b, IL-6, IL-8, and TNF-a through NF-kB activation, and lead to chronic inflammation and mucosal damage in the large intestine [2] . Although colitis is rarely lethal by itself, it is closely associated with human colorectal cancer [3] . Longterm chronic inflammation produces high levels of pro-inflammatory cytokines and inflammatory molecules, which can increase the risk of cancer [4] . Approximately, one-fifth of IBD patients develop colon cancer within 30 yr of disease onset [5] , and UC-associated cancer has a higher mortality risk than sporadic colon cancer [6] . Anti-inflammatory drugs play an important role in the prevention and treatment of colitis, but after often characterized by serious side effects [7] . As a consequence, several studies have focused on developing new preventive agents for IBD, including natural anti-inflammatory products from dietary sources [8] .
Polyphenolics derived from fruits and vegetables are considered natural anti-inflammatory compounds acting through the inhibition of NF-kB activation and induction of antioxidant defense systems [9] . Mango is rich in polyphenols, including gallic acid, galloyl derivatives, flavonol glycosides, and benzophenone, that exhibit antioxidant and anti-inflammatory properties in several cell types [10] [11] [12] [13] . Gallic acid, the most abundant polyphenol in mango, has shown its chemopreventive effects by reducing colon carcinogenesis via the inhibition of oxidative stress and NF-kB activation [14, 15] . In addition, mango polyphenolics were reported to have anti-oxidant [16] and antiinflammatory activities through inhibition of iNOS, COX2, and TNF-a in in vitro and in vivo [17, 18] . We previously demonstrated that mango extract inhibited the growth of several cancer cells, particularly colon cancer cells, through induction of apoptosis and reduction of reactive oxygen species (ROS) generation [13] . However, the underlying mechanisms relevant to the preventive effects of mango polyphenolics in colitis have not been well investigated.
The mammalian target of rapamycin (mTOR) pathway plays a central role in the regulation of cell growth and cell proliferation via downstream transduction of proliferative signals, such as p70S6K1 and RPS6 [19] . Activation of mTOR signaling occurred in bacterialinduced colitis in mice [20] . mTOR inhibitors are effective as anti-inflammatory drugs in colitis by inhibiting NF-kB activation and T-cell function [21] [22] [23] . Targeted suppression of these activated pathways during colitis by natural compounds may provide an important strategy in the prevention of colitis.
MicroRNAs (miRNAs) are emerging as a potential link between inflammation and cancer by inducing mRNA degradation or blocking translation of key molecular targets involved in IBD [24] . Moreover, polyphenolics are known to influence the post-transcriptional regulation of miRNAs [25] , with the mTOR pathway serving as a promising target for the anti-cancer properties of miRNAs [26] . For example, miR-126 targets phosphatidylinositol 3-kinase regulatory subunit beta (PI3Kp85b), an upstream regulator of the mTOR pathway [27, 28] . Accordingly, miR-126 may be a potential chemopreventive and anti-inflammatory target via the inhibition of angiogenesis, vascular integrity, inflammation, and proliferation [28] . Induction of miR-126 provides a possible mechanistic basis for the prevention and treatment of colitis.
The current investigation sought to understand the molecular targets involved in anti-inflammatory effects of mango polyphenolics in vitro and in vivo. We hypothesized that the anti-inflammatory activity of mango polyphenolics is due, at least in part, to targeting the miR-126/PI3K/AKT/mTOR axis. We report, for the first time, that mango polyphenolics modulate inflammation by regulating the expression of miR-126.
MATERIALS AND METHODS

Mango Chemistry
Mango fruit (cv. Keitt) was sourced from Mexico and received from the National Mango Board (Orlando, FL). The mango extract was prepared as described previously [13, 29] . In brief, mango pulp was briefly blended with a solvent mixture (ethanol/acetone/ methanol ¼ 1:1:1). The mixture was incubated for 30 min, then filtered through a filtration cloth. The remaining solids were re-extracted thrice in total. Final filtration was performed with Whatman No 1. filter paper. The combined solvents were evaporated at 408C with Rotavapor RII (Buchi, Switzerland). The residue was centrifuged at 2000g to remove insoluble materials. Polyphenols from the mango extract were partitioned onto a C 18 Sep Pack cartridge (Waters, Milford, MA) then eluted with 100% methanol. Phenolic acids not adsorbed to the cartridge were partitioned into ethyl acetate with a separatory funnel. Solvent elutes were combined, and the solvent was evaporated. Separation and characterization of polyphenolics was performed on a Thermo Finnigan Surveyor HPLC and LCQ Deca XP Max mass spectrometer equipped with an ESI ion source as described previously (Thermo Fisher, San Jose, CA) ( Figure 1 ) [13, 29] . To prepare the experimental beverage, ripe mango was peeled to remove the skin and seed, the pulp was homogenized in a blender, and then heated with cellulase and pectinase enzymes to break down fiber. After heating at 558C for 1 h, the puree was centrifuged and the supernatant was stored at À208C. Mango is a good source of dietary fiber (pectin and cellulose), vitamin C, ß-carotene, calcium, iron, and phenolic compounds [30] . In this study, "mango beverage" contained most of the nutrients from the fruit such as sugar, vitamin C, and polyphenolics except fiber, whereas, "mango extract" had only total polyphenolics from mango. The total phenolic content in the mango extract and beverage were measured spectrophotometrically by the folin-ciocalteu assay against an external standard of gallic acid.
Cell Culture
Human colon CCD-18Co myofibroblastic and HT-29 adenocarcinoma cell lines were obtained from the American Type Culture Collection (ATCC; Manassas, VA) and cultured as recommended by the ATCC. Cells were seeded for cell viability assay onto a 24-well plate (15,000 cells/well), for RNA extractions onto a 12-well plate (100,000 cells/well), and for the protein analysis onto a 6-well plate (200,000 cells/well). After 24 h, cells were exposed to mango extract (0-10 mg GAE/L) without lipopolysaccharide (LPS). The extract was administered again after 1 h with 1 mg/ml LPS. Cells were harvested at 4 h for RNA extraction, at 24 h for determination of protein levels by immunoblotting, and at 48 h for cell viability assays using a Z2 TM Beckman coulter instrument (Fullerton, CA).
Transfection With AntagomiRs
Cells were seeded into 12-well plates and transfected with 20 nM antagomiR of miR-126 (Dharmacon, Lafayette, CO), using Lipofectamine 2000 (Invitrogen, Grand Island, NY) according the manufacturer's protocol. A nonspecific oligonucleotide was used as controls. After transfection for 4 h, the transfection mix was replaced with LPS-free media containing 10 mg GAE/L of mango extract, and 1 h later with media containing mango extract plus 1 mg/ml LPS for 24 h, as previously described [31] .
Animal Treatment and Tissue Sampling
The in vivo protocol was approved by the Institutional Animal Care and Use Committee of Texas A&M University. The DSS model is an excellent preclinical model of colitis that exhibits many phenotypic characteristics relevant to the human disease [32] . Treatment with DSS causes injury to the colonic epithelial barrier, which results in an increase in colonic mucosal permeability, causes destruction of the crypts, and produces pro-inflammatory cytokines [33] . Ten-wk-old Sprague-Dawley male rats (371-420 g) supplied from Harlan Teklad (Houston, TX) were acclimated to individual cages for 1 wk, and were randomly assigned to the mango and control treatment groups. In the latter case, for calorie and pH adjustment, 15.7 g sugar and 0.05 g citric acid were added to 100 ml distilled water and designated as "control beverage." Mango and control beverage were provided ad libitum, before, during and after DSS exposure, with liquid intake measured on a daily basis. Rats were administered 3% (w/v) DSS (MP Biomedicals, Solon, OH) over three cycles, with a 14-d separation (n ¼ 10 rats per group). Rats were killed 2 wk after the third and final DSS administration, and colon tissues were collected ( Figure 3A ). One centimeter sections were cut from the distal end of each rat colon and fixed in 4% paraformaldehyde for embedding in paraffin. The remaining colon was gently scraped for collecting protein and RNA samples [34] .
Quantifying Inflammation, Cell Proliferation, and Apoptosis Indices
For histopathology and immunohistochemistry analysis, colon tissues were dehydrated, embedded in paraffin, and serially sectioned at 4 mm thickness. Hematoxylin and eosin stained slides were blindly examined by a veterinary pathologist (C.P.) to assess the degree of colitis. Inflammation was scored as follows: 0 ¼ no inflammation observed; 1 ¼ mild colitis; 2 ¼ moderate colitis; 3 ¼ severe colitis. Ulceration was scored as follows: 0 ¼ no ulcers; 1 ¼ minimal ulceration; 2 ¼ moderate ulceration; 3 ¼ several sites with ulceration or one large ulcer. For Ki-67 immunohistochemical staining, primary antibody against Ki-67 (dilution 1:50, BD Pharmingen, San Jose, CA) 
Quantitative RT-PCR
In addition to total RNA, miRNA from cultured cells and colon mucosal scrapings was isolated using the mirVana miRNA Isolation Kit (Applied Biosciences, Foster City, CA) according to the manufacturer's protocol. RNA (1 mg) was converted to cDNA using a reverse transcription kit (Invitrogen). Real-time PCR reactions were performed with 2 ml of cDNA in a Reverse Transcription Kit (Invitrogen). The SYBR Green PCR master Mix (Applied Biosystems) was used for qPCR analyses on a 7900HT Fast Real-Time PCR system (Applied Biosystems). The sequence of primers was designed using Primer3, an online primer design tool, and were obtained from Integrated DNA Technologies (Coralville, IA). Quantification of miRNAs was measured using the Taqman MicroRNA reverse Transcription kit (Applied Biosystems) and the Taqman 2Â Universal PCR master mix (No AmpErase UNG, Applied Biosystems, Foster City, CA) was used for the qRT-PCR reaction, with GAPDH as control, or miR-4.5S and miR-NU6B as endogenous controls for miRNA expression [35] .
Western Blotting
After a 24 h mango extract treatment, cells were lyzed in RIPA buffer, a 1% protease and proteinase inhibitor cocktail were added (Pierce/Thermo Scientific, Rockford, IL) and centrifuged [36] . Mucosal scrapings were homogenized in a buffer (500 mM Tris-HCL, 1M Sucrose, 200 mM EDTA, 100 mM EGTA, 0.4M NaF, 10% Triton X-100, 10 mM Sodium Orthovanadate, and Protease Inhibitor Cocktail) then centrifuged at 15,000g for 10 min at 48C, and the supernatant was stored at À808C. Fifty microgram of protein was loaded onto the gel, followed by transfer onto PVDF membrane. Membranes were incubated with primary antibodies against NF-kB, p-NF-kB, COX-2, cleaved caspase-3, PARP-1 (Cell Signaling Technology, Beverly, MA), iNOS (Cayman Chemical, Ann Arbor, MI), PI3K (p85b), HIF-1a (Abcam, Cambridge, MA), and b-actin (Santa Cruz Biotechnology, Santa Cruz, CA).
Multiplex Bead Assay
Protein extracts from cultured cells and tissues were used to determine the relative abundance of cytokines (TNFa, IL-1b, IL-6), and the phosphorylation status of AKT/mTOR signaling intermediates (AKT, GSK3b, GSK3a, IGF1R, IR, IRS1, mTOR, p70 S6 kinase, PTEN, RPS6, and TSC2) using multiplex kits (Millipore, Billerica, MA) according to the manufacturer's protocol. Multiplex analysis was performed on a Luminex L200 instrument (Luminex, Austin, TX) and data were analyzed by Luminex xPONENT software.
Statistical Analyses
Quantitative data represent mean AE standard error, with paired comparisons analyzed by the Student t-test, and group comparisons via one-way ANOVA with Tukey's post-hoc test (P < 0.05, SAS version 9, SAS Institute, Inc., Cary, NC).
RESULTS
Polyphenolics in Mango Extract
Using HPLC-MS analysis of mango extract the following compounds were identified: monogalloyl glucoside (Peak 1), gallic acid (Peak 2), p-hydroxybenzoic acid glycoside (Peak 3), and dihydrophaseic acid glucoside (Peak 4), with peak absorption at 280 nm (Figure 1 ). Other, unresolved gallotannins also were present in the mango extract.
In Vitro Evaluation of Inflammation and mTOR Biomarkers
The anti-inflammatory activities of mango polyphenolics were examined in prior studies using CCD-18Co colon-myofibroblastic cell lines [13] . However, the underlying molecular mechanisms were not pursued in detail. In the current investigation, mango extract did not affect overall cell viability in CCD-18Co cells, but reduced significantly the cell viability in HT-29 colon cancer cells at 10-20 mg GAE/L (Figure 2A) . In LPS-treated CCD18Co cells, mango extract at 10 mg GAE/L suppressed the mRNA expression of NF-kB by 19% and iNOS by 39% ( Figure 2B ). This was accompanied by reduced expression of NF-kB and pNF-kB protein ( Figure 2C ). In addition, mango extract at 10 mg GAE/L modulated the mTOR pathway. Specifically, mRNA expression was reduced by 31% for PI3K (p85b), by 43% for mTOR, and by 23% for p70S6K1 ( Figure 2D) , and the ratio of phosphorylated/total p70S6K1 and RPS6 were also attenuated by 25% and 35%, respectively by mango extract ( Figure 2E ). Protein levels of PI3K (p85b) and HIF1a also were suppressed at 10 mg GAE/L of mango extract in LPStreated CCD-18Co cells ( Figure 2C ).
Mango extract (0-10 mg GAE/L) produced a corresponding increase in miR-126, in a dose-dependent manner, in LPS-treated CCD-18Co cells, and this was statistically significantly at 5-10 mg GAE/L of mango extract compared to controls ( Figure 2F ). miR-126 is known to target PI3K (p85b), which regulates signaling through PI3K/AKT [26, 27] (Figure 2I ). In order to determine the involvement of miR-126 and its target gene, PI3K (p85b) in the anti-inflammatory activities of mango, we investigated treatment of cells with The mango extract reversed the effect of miR-126 antagomiR on transfected cells, and (H) the reversed expression of miR-126 was accompanied by a decreased expression of PI3K (p85b) mRNA. CCD18Co cells were transfected with 20 nmol/ml of miR-126 antagomiR. After that, the cells were treated with the mango extract (10 mg GAE/L) and LPS (1 mg/ml) for 24 h. miR-126 was analyzed as a ratio to the miR-NU6B endogenous control, and PI3K was assayed as ratio to GAPDH. (I) The miRNA/mRNA pairing regions between miR-126 and the target Pi3k2r. All of the experiments were performed at least three times and the results were expressed as the mean AE SEM (n ¼ 3). The different letters indicate significance at P < 0.05. Ã P < 0.05.
the antagomiR of miR-126. After the transfection of miR-126 antagomiR, cells were treated with the mango extract (10 mg GAE/L) and 1 mg/ml LPS. AntagomiR treatment reduced the expression of miR-126 by 75%, but the treatment with mango extract partially reversed the effect of the miR-126 antagomiR in the transfected cells (260%, P < 0.05) ( Figure 2G ). In addition, a decrease in the expression of PI3K (p85b) mRNA (by 20%, P < 0.05) was seen after mango treatment ( Figure 2H ). Thus, miR-126 is responsible, at least in part, for mango polyphenoldependent modulation of PI3K signaling.
Beverage Consumed by DSS-Treated Rats
The concentration of total soluble phenolics in mango beverage was 475.8 mg gallic acid equivalents (GAE)/L. Rats in the mango group (445.4 g final body weight) consumed 84.17 ml of mango beverage (475.8 mg GAE/L) (Supplement Table S1 ). The selected dose was equivalent to 89.74 mg GAE/kg/d for rats. The human equivalent amount of the mango beverage that was consumed by rats was calculated using the body surface area normalization method [37, 38] , and the dose was 14.55 mg GAE/kg/d for human. The 70 kg human equivalent dose of mango beverage was around 1 g GAE/d of mango polyphenolics. There were no adverse symptoms such as extreme diarrhea, blood in the stool, or severe inflammation immediately after the DSS treatment in both groups.
Mango Reduced the Inflammation Score and Decreased Cell Proliferation in DSS-Treated Rats
The DSS-induced murine colitis model resembles the pathogenesis of human ulcerative colitis with respect to changes in epithelial cell permeability and acute inflammation in the colon [39] . The model has been widely used to test the efficacy of preventive and therapeutic agents in IBD [39] . In the current investigation, three cycles of 3% DSS were administered for 48 h and this was sufficient to induce inflammation, without severe ulceration [34, 38, 40] . Histologic evaluation was performed to assess the extent of colonic inflammation and ulceration in the different treatment groups. Mango beverage reduced morphological signs of cell inflammation, and the inflammation score was decreased by 47% compared to the control group (P ¼ 0.05) ( Figure 3B and C) . There was no statistically significant difference in the ulceration score between groups ( Figure 3B ). As expected, Ki-67-positive cells were prominent in the basal region of the colonic crypt, and were detected in the central region, but rarely in the luminal region ( Figure 3D and E) . A significant reduction in Ki-67 labeling by the mango treatment occurred in the central and basal regions compared to the control group, where the reduced rates of labeling were 39% and 23%, respectively (P < 0.05, Figure 3D ).
Mango Suppressed Markers of Inflammation in DSS-Treated Rats
Gallic acid is a major polyphenolic compound in mango, known to target key players involved in inflammation [11] . Based on this information, we predicted that administration of mango might reduce inflammation in DSS-induced colitis. To further quantify the activities of mango polyphenolics on inflammatory markers in vivo, we examined inflammatory cytokines, NF-kB, iNOS, and COX-2. Mango decreased the expression of TNF-a and IL-1b mRNA (by 56% and 60%, respectively, Figure 4A ), as well as TNF-a, IL-1b, and IL-6 protein levels in the intestinal mucosa of rats (by 53%, 74%, and 70%, respectively, Figure 4B ). Mango also reduced the expression of iNOS and COX-2 mRNA (by 70% and 74%, respectively, Figure 4C ) and, in some animals, NF-kB(p65) and iNOS protein ( Figure 4D ) compared to controls.
Mango modulated the miR-126/mTOR Axis in DSS-Treated Rats
The mTOR pathway that is activated by PI3K/AKT signaling plays a central role in the regulation of cell growth, cell proliferation, and inflammation through downstream transduction of proliferative signals, for example via p70S6 K, RPS6, and HIF-1a [19] . Several reports indicate that suppression of the PI3K/AKT/ mTOR pathway may be of clinical relevance for treating colitis [21] . The intake of mango decreased the expression of PI3K (by 48%), mTOR (by 62%), p70S6 K (by 64%), and HIF-1a (by 42%) mRNA (P < 0.05) in DSStreated rats ( Figure 5A ). In addition, mango intake in DSS-treated rats suppressed the protein expression of PI3K (p85b) ( Figure 5B ). This was accompanied by decreased expression of total and phosphorylated AKT (by 27% and 78%, respectively) and mTOR (by 48% and 74%, respectively), as well as p70S6 K phosphorylated protein (by 72%), RPS6 total protein (by 35%) ( Figure 5C and D) , and HIF-1a ( Figure 5B ).
Various miRNAs are involved in the regulation of inflammatory responses, including those that target the mTOR pathway [26] . We screened several miRNAs implicated in mTOR signaling, and observed induction of miR-126 and Let-7a by mango treatment, compared with controls ( Figure 5E ). No changes were detected in the levels of miR-21, miR-145, and miR-155. These in vivo findings support the results from the in vitro studies. Previously, we demonstrated that pomegranate polyphenolics reduced inflammation in carcinogentreated rats through modulation of the miR-126/PI3K axis [31] . In DSS-treated rats, upregulation of miR-126 by mango intake was accompanied by suppression of PI3K mRNA and protein expression ( Figure 5A and B) .
DISCUSSION
In this investigation, mango polyphenols reduced the inflammatory response associated with colitis in vitro and in vivo, through modulation of the mTOR pathway and associated post-translational mechanisms. Mango is a rich source of polyphenolics, including gallic acid and gallotannins, which have demonstrated antioxidant and anti-inflammatory activities in cancer cells [10, 11, 14, 41] . It was previously shown that mango extracts act on inflammation-related proteins, including iNOS, COX-2, and TNF-a, in a rat colitis model [18] . However, the mechanisms underlying the anti-inflammatory activities of mango in colitis remains unclear.
The mango extract decreased NF-kB and iNOS mRNA levels, as well as NF-kB and p-NF-kB protein levels in vitro at 10 mg GAE/L. In DSS-treated rats, mango beverage decreased inflammatory scores, and suppressed the colonic cell proliferative index in the central and basal regions. In the early stages of colitis, signal transduction cascades can act via NF-kB and mTOR pathways [42] to induce cell proliferation [43] and promote the formation of colonic aberrant crypt foci [44] . Activation of NF-kB increases the expression of genes that encode for pro-inflammatory cytokines (IL-1b, IL-6, and TNF-a), as well as enhancing COX-2 and iNOS in macrophages and epithelial cells [45] . Induction of COX-2 and iNOS expression elicits the production of further inflammatory mediators, such as oxygen free radicals, NO, and PGE 2 [46] . The intake of mango reduced the expression of pro-inflammatory cytokines and cytokines, and inflammation-related markers in vivo. The PI3K/AKT pathway has well-established upstream regulators of mTOR. In previous studies, gallic acid has been shown to have anti-inflammatory and anti-metastasis effects through the down-regulation of the PI3K/AKT pathway and NF-kB activity in prostate and gastric cancer cells [47, 48] . The current investigation indicated that mango also decreased the mTOR pathway in vitro and in vivo via suppression of PI3K/AKT signaling. The mango extract suppressed PI3K (p85b) mRNA and protein levels, and mTOR transcript levels, which would counter the activation of p70S6 K [19] and induction of HIF-1a in CCD-18Co cells [49] . This was consistent with in vivo studies, where mango suppressed PI3K (p85b) mRNA and protein, and reduced the expression of total and phosphorylated protein of AKT and mTOR. Previously, it was reported in a DSS-induced colitis model that the induction of HIF-1a triggers an inflammatory response by inducing pro-inflammatory mediators including COX-2, iNOS, TNF-a, IL-6, and IL-1b [50] . In this investigation, downstream markers of the mTOR pathway such as p70S6 K, RPS6, and HIF-1a protein were down-regulated by mango intake, consistent with prior studies showing mTOR inhibitors to be effective in suppressing DSS-induced colitis [21, 23] . Targeted suppression of mTOR pathways by natural compounds might provide a viable strategy for the prevention of colitis [51] , and mango is a rich source of potential mTOR inhibitors that could be used to reduce and/or prevent the incidence of ulcerative colitis [26] (Figure 6 ).
PI3K is regulated by miR-126 through a seed sequence in the 3 0 -UTR region of the corresponding p85b mRNA [27] . Accordingly, we postulated that miR-126 may be a suitable target related to inflammationassociated pathways involved in colitis [28] . Our previous studies with red wine showed a significant suppression of inflammatory markers in LPS-treated CCD-18Co cells, and miR-126 was implicated in the underlying inhibitory mechanisms [52] . Also, pomegranate polyphenolics decreased inflammation via down-regulation of the PI3K/AKT pathways through interactions with miR-126 in AOM-treated rats, and in colon cancer cell lines [31] . In this study, mango decreased expression of the PI3K (p85b) mRNA and protein, which was accompanied by up-regulation of miR-126 in vitro and in vivo. To confirm the relationship between miR-126 and PI3K (p85b), cells were transfected with the antagomiR for miR-126. Treatment with mango polyphenolics partially reversed by the effect of the antagomiR, which was accompanied by reduced levels of PI3K (p85b) mRNA.
There are certain limitations of this experiment that warrant further study. The first limitation concerns the lack of experiments comparing active single compounds in mango (e.g., gallic acid) to total polyphenols. Our study focused on the overall, potentially synergistic effects of natural mango polyphenols, including gallotannins, on colitis and inflammation, as well as their mechanisms. While other studies have determined the effect of gallic acid on carcinogenesis and inflammation [14, 53] , the contribution of gallotannins to the anti-inflammatory efficacy of total mango polyphenols is uncertain as microbiota degrade these compounds into gallic acid in the colon. Due to this uncertainty, the combined effects of total mango polyphenols were investigated in this study. As with any study treatment that consists of a complete fruit, other compounds may have influenced the outcome. However, in vitro cells were treated with mango polyphenols as a physiological representation of the large intestines. The results confirmed the in vivo findings, indicating that the anti-inflammatory activities are due to the polyphenolic content. A further limitation is that the final body weights of animals in the mango group were lower by 6% than those in the control group (Supplement Table S1 ). While the total caloric intake was not significantly different overall, mango consumption was slightly lower than the liquid intake in the control group, whereas the solid food intake was slightly higher in the mango group. The reduction of bodyweight in the mango group may have contributed in part to the anti-inflammatory effects observed. In previous studies, it was reported that weight loss due to a low calorie diet reduced the levels of inflammation markers, TNF-a, IL-6, CRP, and ICAM-1 in overweight men [54] . However, in this study, there was no correlation between the body weight of rats and the levels of TNF-a and IL-6 in rat mucosa (R 2 ¼ 0.1527 and 0.2127). For this reason, the influence of weight loss caused by mango intake might not have been a critical contributor to the protective effects noted for mango. Finally, anticancer effects of mango extract on prostate cancer were associated in prior studies with induction of apoptosis [55] . An increase in cleaved caspase and PARP1 protein was detected after mango treatment in vitro (Supplement Figure S1A) . However, no significant changes in PARP1 or Caspase 3 mRNA levels were detected in the intestinal mucosa of animals given mango in vivo (Supplement Figure S1B) . Moreover, protein levels of PARP1 and Caspase 3 were decreased by mango intake in rats compared with the control group (Supplement Figure S1C) . Further studies are in progress on the apoptotic mechanism triggered by mango.
For the first time, this investigation has provided evidence that mango polyphenolics attenuate the levels of inflammatory markers via suppression of the PI3K/AKT/mTOR signaling pathway, in part through up-regulation of miRNA-126. Interaction of mango with the miR-126/PI3K/AKT/mTOR axis was identified as a key component of the anti-inflammatory mechanisms of mango polyphenolics relevant to colitis.
